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 I Executive Summary 
For our senior design project, we have partnered with Compass Technology Group to 
improve its Antenna 3000 manufacturing process.  The Antenna we are working on is not 
actually called this, but due to NDA regulations, we will disguise it as the Antenna 3000.  This 
will include finding a way to minimize material costs and labor hours involved to assemble this 
product together.  Our minimum success criteria will be to reduce both the manufacturing time 
and materials' cost by 20%.  Our primary approach to solving this problem will be to implement 
Lean Six Sigma practices such as the DMAIC principle.  
Using the DMAIC principles, we defined our problem as manufacturing various 
equipment like the 3D printer and the CNC router. These pieces of equipment had inefficiencies 
in their design as well as in the processes the operator was performing with them. To prove 
these inefficiencies, we decided to conduct a baseline time study to fully understand the 
problem at hand. After this and meetings with various operators discussing what they believed 
to be inefficiencies in their processes, we began making progress in creating an ideal image of 
an efficient manufacturing process for the Antenna 3000. We also created an entire Bill of 
Materials that could be used to price out products for the customer and keep track of inventory 
and when to order new supplies. 
Between our baseline time study and our final, we were able to upgrade the CNC 
router's bed size and the 3D printer's bed layout design, improving how many components could 
be fit on the build surface at the same time. After conducting the time study, these changes 
helped us improve drastically in those two areas and reduced the production time to 56 hours. 
While these were our most significant improvements, many other smaller suggestions 
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Compass Technology Group (CTG) LLC was founded in 2011. CTG's vision is to take 
cutting-edge research and turn it into practical products that help solve their customers' needs in 
any situation. Using their vast knowledge in the manufacturing and scientific fields, CTG has 
grown to be a leading provider of the most advanced radio frequency (RF) technologies 
designed for material measurements. CTG products are currently being used in manufacturing 
lines across the globe. CTG's RF products are developed to provide manufacturers high-quality 
data for their electromagnetic materials and/or components. They are also a go-to organization 
for solving some of the most rigid RF materials characterization problems through contract 
research. And we support many customers with contract materials measurement services. In this 
project, we are partnering with Compass Technology Group, which is concentrated in the 
aerospace sector industry, producing products ranging from automated robot systems to 
ruggedized hand-held devices. These systems focus on their CTGcalc software, allowing 







Figure 1: Here, the team is meeting to have a weekly discussion on what to do next 
Pictured(left to right): Austin Deaver(PM), Josh Madaris(Process Engineer) Picture taken by Mario 






2.0 Project Background 
Specifically, we will be focusing on the Antenna 3000 and the process of how this 
Antenna is being manufactured. The Antenna 3000 is a free-space measurement device 
developed by Compass Technology Group beginning in 2019 under a Small Business 
Innovative Research (SBIR) grant and has just recently finished R&D (Research and 
development). The Proprietary design by CTG results in a durable multi-function antenna with a 
wide-band performance, which allows it to be used in a variety of applications in laboratories 
and production facilities for a process called Non-Destructive Evaluation (NDE) of magnetic 
and dielectric materials. Being an improvement upon other products out on the market currently 
in a decreased weight and smaller overall dimensions, this Antenna also maintains similar 
VSWR (Voltage Standing Wave Ratio),​ a function of the reflection coefficient, which describes 
the power reflected from the Antenna, ​and gain, shown in a Bode plot, to antennas out on the 
market currently. (​RF amplifier gain is defined as the difference in power between the amplifier 
output signal and the input signal). ​To get some background in the manufacturing process for 
this Antenna, understanding the basis of why certain materials were chosen is very important. 
The production process will begin to make changes directly after the first prototype is 
completed. In the beginning, we assume there will be process changes that we can see right off 










Our goal is to maximize the manufacturing process's efficiency, overall costs of 
materials, and working hours for Compass Technology Groups' Antenna 3000​. The creation of 
this new Antenna by Compass Technology will be smaller and lighter than current antennas on 
the market for the specified frequency range while maintaining similar performance 
specifications. The overall objective is to reduce overall manufacturing time by 20% and overall 






4.0 Justification  
Our approach to this feat will be to use Six Sigma concepts such as DMAIC to find 
solutions to various problems along the way. We plan to implement time studies and employee 
feedback/ discussions to break down the process behind the inefficiencies present.  We plan to 
create an in-depth breakdown of all the costs of the Antenna, including; materials, staff-hours, 
wastes, and machine depreciation, to potentially find more cost-efficient alternatives. There are 
many benefits to implementing the DMAIC model to a small business like Compass 
Technology SixSigmasDaily (2014) states," many small businesses should expect to experience 
one or more of the following benefits: improved teamwork, particularly among managers, more 
employee involvement, the ability to correctly gather data to assist in decision making, 
comprehensive tools to determine root causes and solve problems, increased customer 
satisfaction, improvement in on-time deliverables, improvement in production and 
communication, and increased profit margins." All of these are significant improvements to any 
company but do not come without the challenges of implementation. 
Some of the Antenna materials and components will not be able to change due to the 
vast amount of effort already put into the research and development of those processes without 
proper justification. Some of the surface problems we have begun to see with the manufacturing 
process would include the Millright CNC (Computer Numerical Control) Router. The overall 
cut dimensions of this piece of equipment have resulted in excess of components inside the 
Antenna, which, if reduced, would decrease manufacturing time significantly.  
Aarni Heiskanen​ (2014), "To succeed in an increasingly competitive sector you will 
need to understand the importance of technology, as items of equipment such as a CNC router 




Heiskanen stated in his article on AEC Business, having technology that can support the 
business's needs and market demands is vital to success. ​With this much control in the processes 
put in place to create this newly designed Antenna, we have a prime opportunity to increase 





















5.0 Literary Review 
In finding solutions to reduce Compass Technologies' size and cost reduction of their 
Antenna 3000, we had to look into literature regarding Six Sigma and small businesses. 
Amitrano (2014) concluded that ​large enterprises had used Six Sigma to boost their 
manufacturing processes' efficiency. However, despite little literature on the subject, 
something is emerging in this approach's interest and implementation in small and 
medium-sized companies. We considered these words due to the structure and size of 
Compass Technologies 
The layout of our project is going to follow the flow of the DMAIC model.  The 
DMAIC model is a helpful tool used in lean six sigma practices and works very well in 
manufacturing.  DMAIC stands for Define, Measure, Analyze, Improve, and Control.  Each 
of these stages will guide us along our process and keep us on track with what needs to be 
fixed, how we will fix it, and how it will stay fixed, concluded by Li (2019). 
The report written by ​A. Shokri (2019)​ made it possible for us to see a project very close 
to ours. They used the DMAIC model in their project to search for scrap reductions. We can 
try to mimic this approach once we look at our time studies to see where we can and scrap 
by printing and using the CNC. A Pareto chart was used to see a scrap cost visual to see 
where their most scrap was. Even though automation is used for this project and our projects 
have a lot more staff-hours. This report should suffice for how we should approach our Cost 




6.0 Problem Solving Approach  
As a whole, we considered using a continuous improvement strategy when it came to 
our approach to solving the problem regarding reducing the production time and the cost of the 
RF antennas being produced by Compass Technologies Group LLC (CTG). Many companies 
around the world use a continuous improvement approach when solving efficiency based 
problems. One company's problem-solving approach we are considering is Motorola's Lean Six 
Sigma. Motorola's Lean Six Sigma is a well-known industry problem-solving tool kit. 
Developed in the 1980s, Motorola has continued to improve Six Sigma for over 40 years. 
Following in the footsteps of Motorola, our Group will be using the (DMAIC) problem-solving 
model. DMAIC is an acronym for a five-phase process:  
1. Define the problem 
2. Measure in detail the various aspects of the current process 
3. Analyze data to find the root defects in a process 
4. Improve the process  
5. Control how the process is done in the future 
With this tool kit at our disposal, our Group should apply the DMAIC model to solving 
how to reduce the time it takes to manufacture an Antenna 3000. Our Group is currently in the 
measuring stage of the DMAIC model. We are building time studies to see how much time it 
takes to create each component of the Antenna 3000. Once the data has been collected, we will 
then analyze the readings to see if any steps in the manufacturing process can be shortened or 
run in parallel with other manufacturing steps. However, we will converse with the Heads of 




7.0 Proposed Solution 
Our proposed solution will be to monitor each part of the manufacturing process in order 
to see where we can speed up the process without ruining the quality of the product.  We will 
work closely with the workers in order to get their feedback as well.  We can cut downtime and 
cost by moving tools closer to the workers, so they don't have to travel as much back and forth 
during a process.  We will also ensure that when a machine is manufacturing something (3D 
printing, CNC, etc.), we will ensure that workers are staying busy with parts of the process that 
can run in parallel.  We are also going to make sure that workers are utilizing all of the material 
to ensure a lower amount of scrap.  Our team is also going to create procedures to ensure that 
everyone is on the same page.  This will make sure that people are not working based on 
assumptions.  Another piece that we are going to look into changing is the motor on the CNC. 
This will allow for quicker cutting times but will not reduce the quality.  Our prediction for this 
is that by reducing scrap, Compass will not only save money but will reduce waste as well.  We 
also believe that by moving tools and materials closer to the workers, we will see an increase in 
inefficiencies and decrease hazards. The workers will not have to walk around the shop as often 
or carry heavy tools as much.  By moving tools closer to the workers, we will also see less 








8.0 Arena Model 
Our Arena model was a perfect way to show how the whole process that we worked on 
is broken down, as well as give us a ballpark idea of where our time should be.  As you can see 
in figure three, a lot of the process works mainly parallel up to the end.  This made it extremely 
difficult to gather data due to many of the processes going simultaneously. After collecting data 
and writing out the process, we were able to develop this model, which is very different from 
our past models.  We believed that the simpler model was the route to take due to the old one 
being too congested and challenging to interpret.  After plugging in the hours and human 
resources that we believed would work, our Arena model concluded that the ideal amount of 
time to complete the manufacturing of one Antenna is a little over 26 hours.  This validated our 
time study by only being faster by 5 hours, but we also have to consider that the Arena is a 
perfect scenario.  This model's creation was unorthodox compared to ordinary uses for Arena 
since we were maximizing the creation of a singular project vs. multiple like in a high capacity 
manufacturing facility.  
 
Figure 2: Here, the team is walking through how they want the Arena model to look 






Figure 3: Arena Model Part 1 
 
 







One of the many tools we have decided to use is the DMAIC model.  It is a tool that is 
part of Six Sigma that helps with process improvement.  DMAIC stands for Define, Measure, 
Analyze, Improve, and Control.  These steps, once broken down, can help anyone improve their 
process.  Each of these stages provided a specific service. They are listed as follows: The 
Define stage​ is the stage where you state your problem, goals, team, etc.,  The​ Measure stage 
is where we will model different metrics in order to measure what is currently happening in the 
process, The ​Analyze stage​ is where we will analyze the current measurements and determine 
where the errors are occurring, The ​Improve Stage​ will be where we implement new ideas and 
tools to fix the current problem in the process, and lastly the ​Control Stage ​is where we will 
adjust the parameters and inputs to correct the process and make it run smoothly. (Jiang, Zhang, 
pg3).  An example that we have decided to follow is a case study by Alireza Shokri; in this case 
study, Shokri uses the DMAIC model to reduce scrap in manufacturing.  This will be an 
excellent prompt for us to follow to ensure we are on the right track. 
9.1 Define Stage:  
After Compass Technologies' overview of our project, the company concluded that we 
would best be fit to work on the Antenna 3000 production processes. They wanted us to get 
familiar with where the inefficiencies were and how they were created. This was a very 
open-minded approach that allowed us to define many problems at hand. After we had seen the 
production of a single antenna, we could clearly see some bottlenecks in the process without 






9.2 Measure Stage:  
Thanks to Compass, we have provided information that allowed us to create a Pareto 
chart, as seen in Table two. This has told us to make sure we pay attention to the operators. 
Also, due to Compass's delays and Compass not putting out products consistently, it has pushed 
back our time-study, but starting next week, we will begin this process.  This will allow us to 
see where the process can be improved, such as cost, scrap reduction, and staff-hours. 
9.2.1 Hypothesis Testing: 
H0 : u >= 90% 
Ha : u< 90% 
Where u is the average pass rate. 
 
This Hypothesis test is based on the percentage of defects.  Our goal is to have our pass 
rate at over 90%, and we will reject our hypothesis if it falls below that.  Our idea of a passing 
product is anything that will pass the QA process or is damaged lightly enough that it can be 
repaired.  The reason we include a fixable product in the passing section is due to the fact that 
we will not be losing money for materials if the material is still usable; we would only take a 
loss in staff-hours.  A defective product is anything that is not salvageable and does not pass the 
QA process.  This is anything in the process that either is not functional or weak enough to 
break in a future process. 
9.2.2 Pareto Chart of Defects: 
Compass technologies provided us with a list of percentages of defects based on the 
different parts of the process that handle material that creates the Antenna 3000.  We have 




troubleshooting issues and where we shouldn't put as much time.  When looking at the Pareto 
Chart, we can see that most of the defects caused come from manual work varying from vinyl 
cutter to manual labor on the 3D printer.  We had entered a manual and a mechanical defect 
percentage for each step, but the only mechanical issue that did not get thrown into the other 
column was the 3D printer.  When starting our time studies next week, we will focus our studies 
on the manual side of things to possibly find the root problem to the reasoning behind defects. 
After looking at the chart, we will reject our hypothesis because our pass rate is roughly 75% 
instead of our projected 90%. 
 









9.2.4 Baseline Time Study: 
Table 1: Baseline Time Study 
 
After collecting the data from the Antenna 3000-02, we highlighted in red some 
noticeably inefficient processes, the 3D printing, and CNC routing, as well as the components 
that took the longest: the Back Metamaterial, Lens/ PCB, and the Outer shell. The baseline for 
identifying which features to tackle first was defined as anything over 10 hours of labor, 
roughly 12% of our overall production time. The common factors between these parts were 
trending two main manufacturing traits, CNC routing and manual cutting of materials. 
However, manual cutting had 11 hours of a total of production time. No one task stuck out to be 
a bottleneck, which allowed us to focus on the CNC Router's inefficiencies.  
 
 Cut  Print Sand  CNC Glue Soldering Total 
Time 
Back R-Card 30 min - - - - - 30 min 
Throat  30 min 2 hours 30 min - 30 min - 3.5 hours 
1” Foam - - - 9 hours - - 9 hours 
Back MetaMaterial 2 hours 8 hours - 14 hours 1 hour - 25 hours 
Lens / Main PCB 2 hours - - 15 hours 2 hours - 19 hours 
Connector/Arms 2 hours - 30 min - - 2 hours 4.5 hours 
Outer Shell 4 hours 9 hours - - - - 13 hours 
Initial Vac Bag - - - - 1 hour - 1 hour 
Initial QA - - - - - - 2 hours 
Kevlar Vac Bag - - 2 hours - 2 hours - 4 hours 
Rubber Vac Bag - - 30 min - 3 hours - 3.5 hours 
Final QA - - - - - - 2 hours 
Total Time 11 hours 19 hours 3.5 hours 38 hours 9.5 hours 2 hours 87 hours 
20 
 
The outer shell manufactured from composite fiberglass and low-dielectric foam is 
currently being manually routed by hand. It could easily be CNC routered if the work bed was 
large enough. This composite material is a large portion of the overall bill of materials, and it is 
vital for the cut to be done correctly. As it is being cut out with an MDF jig, there is a chance 
for the operator to cut into the jig forcing a rebuild of the jig and scraping of the workpiece. On 
the CNC router, the operation's variability would be reduced, time would be diminished, and the 
operator's potential hurting himself would be reduced. Seeing how this is the only operation in 
which a manual CNC router is used would reduce overall manufacturing complexity, allowing 
for other projects going on parallel to the Antenna 3000 to reduce their lead times. We had more 
ammunition to put forth towards getting the CNC Router bed expanded. 
The next inefficient process we focused on was the use of 3D printing. We began to see 
that each print produced only had one component of the Antenna 3000, resulting in over 50 
separate printing operations. While only 2 out of the 50 failed, much of the foam used for 
workpiece holding was being wasted; so much so that other pieces could have easily fit multiple 
sections on the beds. These foam sheets were being held onto the build area via printed 
stand-offs. These stand-offs had to be reprinted every time a different team (out of the three) of 
the Antenna's Metamaterial portion were manufactured, resulting in wasted time and filament. 
Due to the shape of these stand-offs, the operator spent a significant amount of time 
double-checking themselves to make sure they did not print on the foam sections in the wrong 
direction.  
We proposed the issues we had begun to see that the print beds have custom sheets 
specific to each foam component to eliminate the process of reprinting these items. We also 




also speed up the process as the operator would no longer have to double-check themselves 
while putting the foam components onto the print beds. Lastly, we also suggested that the foam 
components be redesigned in order for all three of the sections of one side of an antenna to fit 
onto a print bed all at the same time. This would require some time upfront to complete this; 
however, it would save time in the long run. With our proposed suggestion, the number of prints 
would be reduced from 50 to 18 different prints. That could potentially be nearly a 64% 
decrease in overall print time, which would roughly equate to a 12.16 hours out of a total 87 
reduction in overall production time. 
9.3 Analyze Stage: 
After analyzing the data, we have collected, we can see that inefficient processes that 
stood out the most in our time study are 3D printing and CNC routing.  We have decided to 
focus on anything that took over 10 hours, which was about 12% of our overall production time. 
As for the Pareto chart, we can see that most of our defects come from manual labor, which 
correlates with the CNC and 3D printer.  We can assume that those two areas are taking longer 
than others due to human error, which is causing these areas to have to restart or fix mistakes 





9.4 Improve Stage: 
9.4.1 Final Time Study: 





With the last iteration of the Antenna 3000, we completed a time study, and we found 
the result to have improved dramatically over our initial time study. Looking at the chart above, 
we decreased manufacturing times in all production methods and the majority of Antenna 
components. We cannot take all the credit for these increases seeing how as all operators get 
more familiar with the production process, they will become much more efficient at their 
assigned tasks. Overall between the two antennas, production time decreased 56 hours coming 
to a new production time of 29 hours with 2 hours of QA. 
 




Back R-Card 30 min - - - - - 30 min 0 hrs 
Throat  30 min 2 hrs 30 min - 30 min - 3.5 hrs 0 hrs 
1” Foam - - - 2 hrs - - 2 hrs -7 hrs 
Back 
MetaMaterial 
30 min 3 hrs - 4 hrs 1 hr - 8.5 hrs -16.5 hrs 
Lens / Main 
PCB 
2 hrs - - 3 hrs 1 hr - 6 hrs -13 hrs 
Connector/Arms 30 min - 30 min - - 1 hr 2 hrs -2.5 hrs 
Outer Shell - 2 hrs - 30 min - - 2.5 hrs -10.5 hrs 
Initial Vac Bag - - - - 1 hr - 1 hr 0 hrs 
Initial QA - - - - - - 0 hrs -2 hr 
Kevlar Vac Bag - - 1 hrs - 2 hrs - 3 hrs -1 hr 
Rubber Vac Bag - - - - - - 0 hrs -2 hrs 
Final QA - - - - - - 2 hrs 0 hrs 
Total Time 4 hrs 7 hrs 2 hrs 9.5 hrs 5.5 hrs 1 hr 31 hrs  




Our most significant improvements were in 3D printing and CNC routing manufacturing 
areas, with 3D printing being reduced by a total of 12 hours and the CNC router use being 
reduced by around 28.5 hours. These two processes combined reduced production time by 
almost 50 percent.  
Looking into the changes that took place with the 3D printing process, the operators took most 
of our suggestions. The individual pieces of the Metamaterial structure were redesigned, and the 
three different sections can be put on the same print bed, saving an enormous amount of time 
and a decent bit of material. This effectively reduced the overall amount of 3D prints from 50 to 
18. Keep in mind, 2 of these prints are specifically for the throat and do not have and are printed 
on a standard glass bed. Also, to reduce the time for setting up between the mirrored 
components on these sheets, we suggested having custom PEI (Polyetherimide) sheets that 
could be just placed onto the bed. This proved successful in eliminating that process and the 
material required to do so. This new material created a powerful bond with the stand-offs and 
did not include our suggestion to key these stand-offs. Keying these stand-offs would have 
reduced the operator's likelihood of placing the foam sheets onto the print bed in the wrong 
orientation. Some of the operators initially did not see the purpose of the keyed stand-offs and 
were under the assumption they would do it correctly the first time. However, without these 
keys, 2 out of the 16 foam prints failed due to this specific operator error and will be changed 
very soon with the creation of the next Antenna. 
The CNC router had an even more significant decrease in total production time, 
decreasing roughly 28.5 hours, the most out of any manufacturing method. This is due to the 
CNC routers' increased bed size changing from around 17" x 17" to a massive 32" x 52" 




cut up the workpiece into small sections. Due to this larger work area, the lens outline changed 
from three pieces into one piece. The 1-inch foam section changed from three individual outline 
sections to 1 as well. All the lens layers can be stacked now so that an entire lens can be cut out 
in one process. The metamaterial sections can be done in two separate operations as opposed to 
the original 48 different functions. This drastically reduced the process times and saves a ton of 
material that can be used in later antennas. Since multiple components can be cut out on the 
chase sheet if the router fails during a cut, some material is still untouched. The operator can 
restart the program without removing and replacing the workpiece. 
 
Figure 6: CNC Router 
9.5 Control: 
We set many controls for this presentation to increase the efficiencies of the overall 
process of the building of the Antenna 3000.  The first control that we added was the 




same print bed of a 3D printer.  This allowed us to save more time and money by not taking up 
more 3D printers.  We have also reduced set up time by having PEI sheets placed onto the print 
bed; this allowed for a very strong bond with the stand-offs. 
The next item that we placed controls on was the CNC Router.  We first increased the 
bed size, allowing the operator to place an entire sheet of material onto it without having to cut 
it up into smaller pieces.  We also changed out the motor in the router as well. This proved 














As you can see, our schedule has now been completed, and all the tasks that we have set 
out to do are currently at 100% completion. 














11.0 Cost Analysis: Prior to Changes 
Our Group created a price list containing the cost of each of the materials used in 
producing the Antenna 3000 by going to the different departments in Compass Technology 
Group and finding out information about the specific parts that were ordered to create an 




chart below in dark green is the total material cost of an Antenna 3000 ($1,951 USD), not 
including labor. We will be implementing changes in the coming weeks to the parts used on the 
Antenna 3000 to reduce the Total Cost of the Antenna. These potential changes from 3000-02 to 
3000-03 include different epoxies, the organization of fiberglass foam panel CNC files, edging 
material and corner 3D prints, and 3D foam printing process with the help of new keyed PEI 
sheets used in manufacturing the Antenna 3000. Parts that become obsolete will be removed 
from the production process in the next build and will be reported in the following cost analysis 
report if no issues arise with these changes.  
Overall production hours will be significantly reduced now that the CNC router has been 
fully modified. These changes will cut out nearly a dozen part preparations and significantly 
reduce machine monitoring time. The previous Antenna 3000 was finished at around 87 hours, 
















12.0 Cost Analysis: Post Changes 
After Brainstorming ways to reduce the cost to produce the Antenna 3000, we 
discovered two parts that became obsolete due to redundancies in the production process of the 
Antenna 3000. The features that were removed from the composites process were a 60-minute 
Epoxy and a Peel Ply composite. These two parts were promptly removed from the production 
process—thus reducing the total cost to produce an Antenna 3000 by 1.3%, having a total 
savings of $26.15. In the overall Antenna, a significant component with a large price tag was 
the secondary PCBs making up nearly 50% of the comprehensive materials costs. Initially, we 
had a total of 9 in the Antenna, but after seeing the cost to produce from a custom manufacturer, 
we urged to take some out if possible. The debate went between 9, 7, and 5, and we were able to 
reduce the amount of PCBs down to 7; because of how these materials are manufactured, taking 
out a specific amount of material does not always correlate to an equal amount of cost reduction 
due to set-up costs. With the two gone, we reduced the PCBs' total costs from around $1000 to 
$720, a $280 decrease. This reduced the overall antenna materials cost by approximately 14.4%. 
The last significant cost reduction was in the ¼ inch foam. Initially, we were using 11 sheets of 
the 2' x 4' pieces of foam, whereas now, we are now only using six sheets with the upgraded bed 
size. Each sheet is roughly $26, saving a total of $130 per Antenna; that alone would save 
around 6.6% per Antenna. Looking at all areas of cost reduction, we could knock off slightly 
shy of 23% of the original cost to produce a single antenna. With this cost reduction, we were 









Table 6: Materials Cost of Antenna 3000 Post 
 





 13.0 Budget 
Compass Technology Group has allowed us to be very flexible for our budget, as long as 
we adequately justify why we are changing a procedure or requiring new material/ equipment. 
If Compass finds that our changes do not seem worth the opportunity cost to them, they can 
shoot down our idea, requiring us to reevaluate our plan to ensure the process is optimized. 
Compass Technologies budget approved for us to improve the CNC router. We increased the 
bed size from 17" x 17" to a whopping 32" x 52", which allows the operator to put a full 24" x 
48" piece of material on the work area without having to trim it down to size. Smaller 
improvements such as new PEI (​Polyetherimide​)​ sheets on the 3D printer beds were also 
purchased, increasing the foam printing process's reliability, ensuring the workpiece would not 















14.0 Materials Required / Resources Available  
The resources required for this project will be Excel, Arena, Google Docs/Slides, 
Solidworks, and Microsoft Teams. The materials we will need to ensure that our procedures are 
adequately fixed will be to have access to the site where the material is created in order to see 
first hand how the product is manufactured. This will also allow us to do time studies to see 
precisely where slip-ups are occurring in the process. We will again be using various 
manufacturing software such as:  
● Cura 4.7 
● Deepnest.io  
● Fusion HSM Ultimate 
● Simplify 3D  
● Solidworks 2019 
● Universal G-code sender 
 These may be subject to change depending on how reliable they are in the manufacturing 










15.0 Problems Faced During this Report 
There have been many problems faced during this portion of our report, but one of the 
biggest has been communication between our team and the company.  This is majorly due to 
COVID and not knowing beforehand as a group, much of the background information of this 
Antenna and many other projects that Compass Technology is a part of are confidential.  This 
has caused us not to be able to share as many pictures and vocabulary as we would like to.  
Another issue we have come across is that Compass does not manufacture a high 
quantity of products like other manufacturing companies due to their niche market.  Due to this 
interim manufacturing of the Antenna 3000, this has caused us not to be able to complete our 
time study because we have not been able to see the product start to finish manufactured yet. 
We have been seeing sections at a time, here and there, on different Antennas. This has pushed 
us to get as involved with the production process as possible to ensure that we do not miss the 
opportunity for when the next Antenna is assembled.  
To help keep everyone on the same page between Compass Tech and our Group, we 
have been having Bi-weekly meetings summarizing the weeks prior and assessing the upcoming 
weeks. This allows us to keep track of where we should be based on the Compass Technologies 
project schedule. Often, the AFRL (Air Force Research Lab) calls with us during these meetings 







During our time with Compass Technology Group, our goal was to maximize the 
manufacturing process's efficiency, overall costs of materials, and working hours for the 
Antenna 3000. This free-space measurement device began development in 2019 under a Small 
Business Innovative Research (SBIR)​. The creation of this new Antenna by Compass 
Technology was to be a lighter, more compact version similar to antennas on the market for the 
specified frequency range. This project's objective was to reduce overall manufacturing time by 
20% and overall material costs by 20% during a few months. We were not only able to achieve 
these results, but we passed them with flying colors. 
Our approach to this feat was the use of Six Sigma concepts such as DMAIC to find 
solutions to various problems along the way. We implemented time studies and gained 
employee feedback through discussions to break down the process behind inefficiencies that 
present themselves.  We created an in-depth breakdown of all the costs of the Antenna, 
including; materials, staff-hours, wastes, and machine depreciation, to potentially find more 
cost-efficient alternatives. Our most significant improvements were in 3D printing and CNC 
routing manufacturing areas, with 3D printing being reduced by a total of 12 hours and the CNC 
router use being reduced by around 28.5 hours. The CNC router had an even more significant 
decrease in total production time, decreasing roughly 28.5 hours, the most out of any 
manufacturing method due to the CNC routers' increased bed size. These two processes 
combined reduced production time by almost 50 percent. In terms of material costs saved, we 
could knock off slightly shy of 23% of the original price to produce a single antenna by 
removing parts from the composites process, the secondary PCBs, and reducing the amount of 




Reflecting on our entire process from start to finish, we could have improved our 
organization, allowing us to stick closer to our planned schedule. Our time studies could have 
been done much sooner than we got them done. An increased amount of communication 
between our team and the company could have also helped us achieve our goal with greater 
efficiency. The changes we made to this process helped tremendously in the manufacturing of 
this Antenna and have proved well worth the cost for just a few antennas that have been 
produced so far. To look forward beyond our project group's role in the Antenna 3000 
production process, we have compiled a list of improvements and healthy habits that will allow 
the opportunity to reduce the production time even further and make smart decisions on material 
costs. 
16.1 Recommendations: 
● Document all materials being used in the production of each Antenna, especially the 
wasted materials. 
● Document all the time spent working on the projects, including time spent idle because 
of inefficiencies, and document these events with great detail. 
● Define a goal of where the desired Antenna production should be to create a sense of 
achievement once hit and based on how much the Antenna can realistically improve. 
● Update the SOP as the process changes because the order in which tasks are being done 















After completing the QFD, you can see that many of our tasks were marked at high 
importance for Compass.  But over the last few months, we have been able to complete all of 
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